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a) a neutral metallocene compound of the general formula 



R"(C 5 H 4 ) (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n )MeQ p 

wherein (C 5 H 4 ) is a cyclopentadienyl ring and (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) is a fluorenyl ring or a substituted fluorenyl 
ring wherein (C 5 H 4 ) and (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) have bilateral or pseudo-bilateral symmetry; R' is a hydrocarbyl 
radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an alkylamino radical each R' 
may be the same or different; R" is a structural bridge between the (C 5 H 4 ) and (C 4 H 4 . m R' m C 5 C 4 H 4 n R' ) rings to 
impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is a Group IIIB, IVB, VB or VI B* metal as 
positioned in the Periodic Table of Elements; 0 < m < 4; 0 < n <; 4; and p is the valence of Me minus 2 
b) an aluminoxane, 

wherein the conventional supported Ziegler-Natta catalyst comprises: 

a) a transition metal compound of the general formula MR* X where M is a Group IIIB, IVB, VB or VIB metal, R + is 
a halogen or a hydrocarboxyl and x is the valence of the metal and 

b) an aluminum alkyl of the general formula AIR* 3 where R* is an alkyl of from 1 -8 carbon atoms and R* may be 
the same or different. 



[001 5] The invention further relates to a method of making a catalyst system comprising 
a) making a homogeneous syndiospecific metallocene catalyst by mixing 
25 1 ) a neutral metallocene compound of the general formula 

R M (C 5 H 4 )(C 4 H 4 . m R' m C 5 C 4 H 4 . n R* n )MeQ p . 



wherein (C 5 H 4 ) is a cyclopentadienyl ring and (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) is a fluorenyl ring or a substituted 
fluorenyl ring wherein (C 5 H 4 ) and (C 4 H 4 . m R- m C 5 C 4 H 4 . n R' n ) have bilateral or pseudo-bilateral symmetry R' 
is a hydrocarbyl radical having from 1 -20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an alkylamino 
radical, each R' may be the same or different; R" is a structural bridge between the (C 5 H 4 ) and 
(C 4 H 4 . m R' m C 5 C 4 R 4 . n R* n ) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen- Me is a 
Group IIIB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; 1 < m < 4; 0 < n < 4 and p 
is the valence of Me minus 2. r 
2) an aluminoxane, 

b) extracting solvent to form a solid complex of the metallocene and the aluminoxane, 

c) suspending the solid in mineral oil, 

d) making a heterogeneous conventional supported Ziegler-Natta catalyst by separately mixing 

1) a conventional supported Ziegler-Natta catalyst component comprising a transition metal compound 
of the general formula MR+ X where M is a Group IIIB, IVB, VB or VIB metal, R+ is a halogen or a hydro- 
carboxyl and x is the valence of the metal and 

2) an aluminum alkyl of the general formula AIR» 3 where R* is an alkyl of from 1 -8 carbon atoms and R* 
may be the same or different, 

e) mixing the metallocene catalyst in mineral oil and the conventional supported Ziegler-Natta catalyst. 

[0016] According to a further embodiment the invention relates to a process of producing a polymer blend in a single 
reactor comprising; 

55 a) making a homogeneous syndiospecific metallocene catalyst by 

1) selecting a neutral metallocene compound of the general formula 
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R , (C 5 H 4 )(C 4 H 4 . m R- m C 5 C 4 H 4 . n R' n )M eQp 

XSSSSa r n9 r an B l °^ RmCsHM " 3 " U ° renyl ring or a subs,iluled W 

rlh^H i h , ( 4 4 - m mCs C < R «-» R -> have ^lateral or pseudo-bilateral symmetry R is a hydro- 
cafcyl radtcal havtng from 1-20 carbon atoms, a halogen, an a.koxy, an alkoxy alky, or an examine raS 
eachR maybethesameordi«erent;RNsastructuf a ibridgebe.ween.he(C s H 4 )and(C 4 H 4 R' cT r 
nngs to imparl s.ereorigidity; Q Is a hydrocarbon radical or is a halogen; Me is a Group NIB I VB VB or VIB 

oTT m Per , i0diC Tab ' e °' E ' ementS; 1 s m £ 4 ' 02 "* 4 ' and P is ■» val ce o, Me min s 

2) adding an alummoxane to form a syndiospecific metallocene catalyst 

3) extracting solvent to form a solid complex of the metallocene and the aluminoxane 

4) suspending the solid in mineral oil, 

b) making a heterogeneous conventional supported Ziegler-Natta catalyst by 

1) selecting a transition metal compound of the general formula MR*, where M is a Group 1MB, IVB VB or VIB 
metal, R* ,s a halogen or a hydrocarboxyl and x is the valence of the metal and 

R» a m^ n L a t n h alUminUm f/' °' 9en6ral f ° rmUla AIR# 3 Where R " is an alk y' °< ,r °m 1 -8 carbon atoms and 
R» may be the same or different to form a conventional supported Ziegler-Natta catalyst 

2 25 7 h eta " 0Cene Ca,a ^ St in mineral oil and 'he conventional supported Ziegler-Natta catalyst 

d) n reducing the mixture of the metallocene catalyst in mineral oil and the conventional supported Zieqler-Na.ta 
JS2 8 P^—- -action zone containing a monomer under polymerization cond tond 

e) withdraw.ng a polymer product, which is a blend of syndiotactic and isotactic polyolefins. 

DETAILED DESCRIPTION OF THE INVENTION 

EL2 e P ' eS T T" li0n U,ili2eS 3 mul,i - cala| y sl ^^em in the polymerization of any polymer in which separate 
polymerizat.ons w,.h a homogeneous catalyst and with a heterogeneous catalyst are possible The mu^atals, sv 

!L rZ , 6 P ° ly : eriZalion °' olefins . ™ re ^bly. a-olefins, and, most preferably, pr^enTtSiZ- 
Nalta catalyst system is disclosed in US-A-5 254 517. uiopyiene. a ^iegier- 

K2L Th °^ i - ca,a| y $t s y s,em °< present invention is obtained by mixing the components of at least one met- 
21Z r»T, * leaS ' COnvenlional "PP""* Zi^ler-Natta catalyst Generally, ,he omponen.s of a met- 

r , a me ; a 006,16 compound and an ionizin9 a9em Generaii » ,he * °< a^izi 

supported Z,eg,e,Na„a catalyst are an aluminum alky, and a transition metal compound with, optiona.ly, an elecZ 

[0019] Any of the conventional heterogeneous Ziegler-Natta transition metal compound catalyst components for 
producing iso.acfc polyolefins can be used in the present invention. The compound is of mineral S£ 

i?B e Cr s vS: e t , m + is a halt r °; a hydrocarboxyi and x is me va,ence ° f *• ^SSSK S 

IVB VB or VIB metal, more preferably a Group IVB, and most preferably titanium. Preferably, R + is chlorine bromine 

,1™ m ! 1 ^ T Pre ' er3b,y Ch '° rine ° r e,h0Xy and most P referat ^ ch '°™ a - ira te example of he 
ransmon metal compound catalyst components are TiCI 4 , TiBr 4l Ti(OC 2 H s ) 3 CI Ti(OC,H c )CI TOC H n t 

« X^TSit ans 0,1 me,al compounds is made as ,on9 as at Ieast one ' ansiti °" -i- 

SLI!T mk" 8 '!! 0 ? mela ' com P° und is su PP° rted on a " i^rt solid which is chemically unreactive with any of the 
ZXZ^^T*™" °: h0m °9 eneous «*■*■«■ ^ support is preferably a magnesium compound Ex 
amples of the magnesium compounds which are to be used to provide a support source for the catalvst coZlnlni 
ums m Z 6 n SIUm ™T dia,k <« ne siums, a.kyoxymagnesium halides. magnesium Z^T^yZao^ 
urns, magnes.um oxide, magnesium hydroxide, and carboxylates of magnesium aiaikyimagnes. 

K wlTS^I? iS °', ,he f! eral f ° rmUla A ' R#3 Where R * iS 3n alkyl °' ,rom 1 * cart ™ a <°™ and R'may 
be the same or different. Examples of alum.num alkyls are trimethyl aluminum (TMA), triethyl aluminum (TEAI) and 
tmsobutyl aluminum (TiBAI). The preferred aluminum alkyl is TEAI alum.num (TEAI) and 

[0022] The electron donor is any one of the electron donors which are effective with conventional suoDorted Zieelor 
Natta catalysts. Typically, an electron donor is an organosilicon compound. Exampies o, e.«S3£1wS« 
ylme hyldimethyoxysilane (CMOS), diphenyldime.hoxy silane (DPMS) and isobutyltrime.hMnrflBMS 6 S ! ' 



10 



15 



20 



25 



30 



35 



40 



50 



55 



4 



EP0 747 403 B1 



[0023] The metallocene catalyst is formed from a neutral metallocene compound, i.e., a metal derivative of a cy- 
clopentadiene. The metallocene compound useful in the present invention contains two cyclopentadiene rings and is 
of the general formula: 

R"(C 5 H 4 )(C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n )MeQ p 

wherein (C 5 H 4 ) is a cyclopentadienyl ring and (C 4 H 4 _ m R' m C 5 C 4 H 4 . n R' n ) is a fluorenyl ring or a substituted fluorenyl 
ring, thesubstituent preferably being alkyl, alkoxy, dialkylamino, halogens, cycloalkyloraryl; R' is a hydrocarbyl radical, 

10 halogen, an alkoxy, an alkoxy alkyl or an alkylamino radical having from 1 -20 carbon atoms, each R' may be the same 
or different; R M is a structural bridge between the (C 5 H 4 ) and (C 4 H 4 . m R , m C 5 C 4 H 4 . n R , n ) rings to impart stereorigidity 
and, preferably, is an alkylene radical having 1-4 carbon atoms, or arylalkyl or diaryl alkyl radical contains 7-20 atoms, 
a silicon hydrocarbyl compound, a germanium hydrocarbyl compound, an alkyl phosphine, or an alkyl amine; Q is a 
hydrocarbon radical, such as an alkyl, aryl, alkenyl, alkylaryl or arylalkyl radical having 1-20 carbon atoms, or is a 

'5 halogen; Me is a Group IIIB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; 0<m<4;0<n< 
4; and p is the valence of Me minus 2. 

[0024] The cyclopentadienyl rings (C 5 H 4 ) and (C 4 H 4 . m R , m C 5 C 4 H 4 . n R , n ) must have bilateral or pseudo-bilateral sym- 
metry. Bilateral symmetry is defined as the condition in which there is no substituents or one or more substituents on 
one side and no substituents or one or more substituents on the other side in the same relative position such that a 
20 mirror image is formed from one side to another. Pseudobilateral symmetry is defined as symmetry such that a mirror 
image exists from one side to the other in regard to the existence and position of substituents but the substituents 
themselves are not identical. 

[0025] The metallocene catalyst is syndiotactic specific or syndiospecific. Such catalyst are described in U.S. Patents 
Nos, 4,895,851; 5,162,278; 5,155,080; 5,132,381 and European Patent Application Publication Nos. 0 387 609; 0 387 
25 690; 0 387 691; and PCT International Publication No. WO 92/1218. 

[0026] The ionizing agent is an alumoxane, an aluminum alkyl, other Lewis acid or a combination thereof which will 
ionize a neutral metallocene compound to form a cationic metallocene catalyst. An examples of an ionizing agents 
useful in the present invention is methyl alumoxane (MAO). 

[0027] The metallocene catalyst is provided in solid form as a complex of the metallocene catalyst component and 
30 MAO. 

[0028] Olefins, especially propylene, may be polymerized to form polyolefins in amorphous (atactic) or crystalline 
forms. Examples of crystalline forms are isotactic and syndiotactic. 

[0029] Isotactic pqlypropylene contains principally repeating units with identical configurations and only a few erratic, 
brief inversions in the chain. Isotactic polypropylene may be structurally represented as 

35 



The methyl groups attached to the tertiary carbon atoms of successive monomeric units on the same side of a hypo- 
thetical plane through the main chain of the polymer, e.g., the methyl groups are all above or below the plane. 
[0030] Another way of describing the structure is through the use of NMR. Bovey's NMR nomenclature for an isotactic 
pentad is ...mmmm... with each "m M representing a 'ineso" dyad or successive methyl groups on the same side in the 
^5 plane. As known in the art, any deviation or inversion in the structure of the chain lowers the degree of isotacticity and 
crystallinity of the polymer. 

[0031] A syndiotactic polymer contains principally units of exactly alternating stereoisomers and is represented by 
the structure: 

so 




55 

The methyl groups attached to the tertiary carbon atoms of successive monomeric units in the chain lie on alternate 
sides of the plane of the polymer. 

[0032] In NMR nomenclature, this pentad is described as ....rrrr.... in which each V represents a "racemic" dyad, i. 



5 



EP 0 747 403 B1 

e., successive methyl groups on alternate side of the plane. The percentage of r dyads in the chain determines the 
degree of syndiotacticity of the polymer. Syndiotactic polymers are crystalline and like the isotactic polymers are in- 
soluble in xylene. This crystallinity distinguishes both syndiotactic and isotactic polymers from atactic polymer that is 
soluble in xylene. 

[0033] A polymer chain showing no regular order of repeating unit configurations is an atactic polymer. In commercial 
applications, a certain percentage of atactic polymer is typically produced with the isotactic form. 
[0034] The invention having been generally described, the following examples are given as particular embodiments 
of the invention and to demonstrate the practice and advantages thereof. It is understood that the examples are given 
by way of illustration and are not intended to limit the specification or the claims to follow in any manner 

Solid Metallocene Catalyst Preparation: 

[0035] Methyl aluminoxane supplied as a 10% solution in toluene (density 0.89) was used as the cocatalyst. 40mg 
of isopropyl (fluorenyl-cyclopentadienyl)zirconium dichloride, was dissolved in 20.0 ml of MAO solution; the solution 
'5 was stirred and the solvent was removed under high vacuum at room temperature and traces of the remaining solvent 
were removed with slight warming. The flask was taken into a vacuum Atmospheres dry box; the solid was removed 
and pulverized to obtain 1 .3g purple solid. A known amount of the solid was weighed out and suspended in 2-4 ml of 
mineral oil (Amoco-10NF), in a Wheaton bottle; shaken thoroughly and injected into a stainless steel sample transfer 
cylinder as described in the example. Generally, a small amount (estimated to be about 10%) of the solid remained 
20 adhered to the glass wall and could not be transferred. It is also likely that small amount of solid remains adhered to 
the walls of sample transfer cylinder during injection. 

EXAMPLE 1 

25 [0036] 10.0 mg of conventional supported Ziegler-Natta catalyst were placed in a stainless steel bomb with 0.2 mmol 
of cyclohexylmethyldimethoxysilane (CMDS) and 2.0 mmol of triethylaluminum (TEAI). 184 mg of isopropyl(fluorenyl) 
(cyclopentadienyl)zirconium dichloride/MAO solid were suspended in 4 milliliters of mineral oil. The metallocene/M AO- 
mineral oil suspension was placed in the bomb. Hydrogen was introduced followed by 1 .0 liter of propylene into a 2 
liter Zipperclave reactor kept at 60°C. Contents of the bomb were prepolymerized with 0.3 liter of propylene and ap- 

30 proximately 16 mmol of hydrogen for 5 seconds at 23°C and then charged into the reactor. The reactor temperature 
was maintained at 60°C. Polymerization continued for one hour during which time the reactor was maintained at the 
polymerization temperature. At the end of this time polymerization was terminated by rapidly venting the reactor of 
unreacted monomer. The polymer yield and analysis is shown in Table I. 

35 EXAMPLE 2 (comparative) 

[0037] The procedure of Example 1 was followed except that only the metallocene/M AO of solid ( 1 84.0 ml) and TEAI 
(2.0 mmol) were used in the bomb and hydrogen was omitted. The reactor temperature was initially 20°C and was 
increased to 60°C after the contents of the bomb were charged to the reactor with 0.3 liter of propylene. The polymer 
*o yield and analysis is shown in Table I. 

EXAMPLE 3 (comparative) 

[0038] The procedure of Example 1 was followed except that the conventional Ziegler-Natta catalyst was not added 
45 and the other contents were used in identical quantities. 
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[0039] The standard polymer characterization techniques, namely DSC (Differential Scanning Caiorimetry), GPC 
(Gel Permeation Chromatography) and carbon 13 nuclear magnetic resonance ( 13 C NMR) spectroscopy, strongly sug- 
gest that the polymer obtained with the mixed catalyst is indeed a blend of syndiotactic and isotactic polypropylene. 
For example, DSC shows (Figure 1 ) the presence of two small peaks at approximately 1 25°C and 1 35°C corresponding 
to the melting peaks of syndiotactic polymer obtained with the metallocene and MAO solid. It is also obvious from DSC 
that isotactic polypropylene is the major component of the blend. GPC teaches that the molecular weight distribution 
of the polymer is much broader than those obtained when the conventional Ziegler-Natta or metallocene and alumoxane 
systems separately under the same conditions. Thus for example, the polydispersity of isotactic polypropylene (iPP) 
obtained with the conventional Ziegler-Natta catalyst used in the present system is approximately 8.0, whereas that 
of the syndiotactic polypropylene (sPP) obtained with solid MAO and metallocene catalyst used is around 3.0 (Figure 
2). However, the polydispersity of the iPP/sPP blend obtained with the mixed catalyst system is 13 (Figure 3). 13 C 
NMR (Figure 4) of the polymer provides the most conclusive evidence for the presence of two types of stereoregular 
polypropylene in the product blend. The mmmm:rrr ratio for the polymer blend product was 77:1 3 which suggest pres- 
ence of substantial amounts (>10%) of syndiotactic PP in the predominantly isotactic polymer sample. Generally the 
isotactic polypropylene polymer obtained with the conventional Ziegler-Natta catalyst contains only traces (<0.5%) of 
syndiotactic component. 



Claims 

1. A catalyst system for the polymerization of olefins comprising a combination of at least one homogeneous syn- 
diospecific metallocene catalyst and at least one heterogeneous conventional supported Ziegler-Natta catalyst for 
producing isotactic polyolefin, 

wherein the metallocene catalyst comprises: 

a) a neutral metallocene compound of the general formula 

R u (C s H 4 )(C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n )MeQ p 

wherein (C 5 H 4 ) is a cyclopentadienyl ring and (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) is a fluorenyl ring or a substituted 
fluorenyl ring wherein (C 5 H 4 ) and (C 4 H 4 . m R' m C 5 C 4 H 4 _ n R' n ) have bilateral or pseudo-bilateral symmetry; FT 
is a hydrocarbyl radical having from 1 -20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an alkylamino 
radical, each R' may be the same or different; R" is a structural bridge between the (C 5 H 4 ) and 
(C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is a 
Group NIB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; 0 <; m < 4; 0 < n < 4; and p 
is the valence of Me minus 2. 

b) an aluminoxane, 

wherein the conventional supported Ziegler-Natta catalyst comprises: 

a) a transition metal compound of the general formula MR + X where M is a Group IIIB, IVB, VB or VIB metal, 
R + is a halogen or a hydrocarboxyl and x is the valence of the metal and 

b) an aluminum alkyl of the general formula AIR* 3 where R# is an alkyl of from 1 -8 carbon atoms and R# may 
be the same or different. 

2. A catalyst system as recited in Claim 1 wherein b is 1 , R" is a hydrocarbyl radical chosen from the group consisting 
of an alkyiene radical having one to four carbon atoms, a dialkyl germanium, a dialkyl silicon, an alkyl phosphine 
and an amine radical, M is a Group IVB metal, R' is a halogen or alkyl. 

3. A catalyst system as recited in Claim 1 wherein R w is a isopropylene radical. 

4. A catalyst system as recited in Claim 1 wherein the aluminoxane is methyl alumoxane. 

5. A catalyst system as recited in Claim 1 wherein is a Group IVB, R + is chlorine, bromine, an alkoxy or a phenoxy. 

6. A catalyst system as recited in Claim 1 wherein M is titanium and R + is chlorine or ethoxy. 
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7. A catalyst system as recited in Claim 1 wherein the transition metal compound is chosen from the group consisting 
of TiCf 4l TiBr 4 , Ti(OC 2 H 5 ) 3 CI, Ti(OC 2 H 5 )CI 3 , Ti(OC 4 H 9 ) 3 CI, Ti(OC 3 H 7 ) 2 CI 2 , Ti(OC 6 H 13 ) 2 CI 2 , Ti(OC 2 H 5 ) 2 Br 2 and 
Ti(OC 12 H 25 )CI 3 . 2 

8. A catalyst system as recited in Claim 1 wherein the aluminum alkyl is chosen from the group consisting of trimethyl 
aluminum, triethyl aluminum and triisobutyl aluminum. 

9. A catalyst system as recited in Claim 1 further comprising an electron donor organosilicon compound. 

10. A catalyst system as recited in Claim 9 wherein the electron donor is chosen from the group consisting of cyclohex- 
ylmethyl dimethyoxysilane, diphenyldimethoxysilane and isobutyltrimethoxy silane. 

11. A method of making a catalyst system comprising 

a) making a homogeneous syndiospecific metallocene catalyst by mixing 
1) a neutral metallocene compound of the general formula 



R"(C 5 H 4 )(C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n )MeQ p 

wherein (C 5 H 4 ) is a cyclopentadienyl ring and (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) is a fluorenyl ring or a substituted 
fluorenyl ring wherein (C 5 H 4 ) and (C 4 H 4 . m R' m C s C 4 H 4 . n R' n ) have bilateral or pseudo-bilateral symmetry; 
R* is a hydrocarbyl radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an 
alkylamino radical, each R' may be the same or different; R" is a structural bridge between the (C 5 H 4 ) and 
(C 4 H 4 . m R , m C 5 C 4 H 4 . n R' n ) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is 
a Group NIB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; 1<m<4;0<n<4; 
and p is the valence of Me minus 2. 
2) an aluminoxane, 

b) extracting solvent to form a solid complex of the metallocene and the aluminoxane, 

c) suspending the solid in mineral oil, 

d) making a heterogeneous conventional supported Ziegler-Natta catalyst by separately mixing : 

1) a conventional supported Ziegler-Natta catalyst component comprising a transition metal compound 
of the general formula MR+ X where M is a Group NIB, IVB, VB or VIB metal, R + is a halogen or a hydro- 
carboxyl and x is the valence of the metal and 

2) an aluminum alkyl of the general formula AIR # 3 where R# is an alkyl of from 1-8 carbon atoms and R# 
may be the same or different, 

e) mixing the metallocene catalyst in mineral oil and the conventional supported Ziegler-Natta catalyst. 
12. A process of producing a polymer blend in a single reactor comprising: 

a) making a homogeneous syndiospecific metallocene catalyst by 

1) selecting a neutral metallocene compound of the general formula 

R"(C 5 H 4 )(C 4 H 4 . m R m C 5 C 4 H 4 . n R' n )MeQ p 

wherein (C 5 H 4 ) is a cyclopentadienyl ring and (C 4 H 4 _ m R' m C 5 C 4 H 4 . n R' n ) is a fluorenyl ring or a substituted 
fluorenyl ring wherein (C 5 H 4 ) and (C 4 H 4 . m R' m C 5 C 4 H 4 _ n R' ft ) have bilateral or pseudo-bilateral symmetry: 
R* is a hydrocarbyl radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an 
alkylamino radical, each R' may be the same or different; R" is a structural bridge between the (C 5 H 4 ) and 
(C 4 H 4 . m R , m C 5 C 4 H 4 . n R' n ) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is 
a Group IIIB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; 1 < m < 4; 0 < n < 4; 
and p is the valence of Me minus 2. 
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2) adding an aluminoxane to form a syndiospecific metallocene catalyst, 

3) extracting solvent to form a solid complex of the metallocene and the aluminoxane, 

4) suspending the solid in mineral oil, 

b) making a heterogeneous conventional supported Ziegler-Natta catalyst by 

1) selecting a transition metal compound of the general formula MR + X where M is a Group 1MB, IVB, VB 
or VIB metal, R + is a halogen or a hydrocarboxyl and x is the valence of the metal and 
2} adding an aluminum alkyl of the general formula AIR # 3 where R # is an alkyl of from 1-8 carbon atoms 
and R # may be the same or different to form a conventional supported Ziegler-Natta catalyst 

c) mixing the metallocene catalyst in mineral oil and the conventional supported Ziegler-Natta catalyst, 

d) introducing the mixture of the metallocene catalyst in mineral oil and the conventional supported Ziegler- 
Natta catalyst into a polymerization reaction zone containing a monomer under polymerization conditions, and 

e) withdrawing a polymer product, which is a blend of syndiotactic and isotactic polyolefins. 

Patentanspruche 

1. Katalysatorsystem fur die Polymerisation von Olefinen, umfassend eine Kombination von mindestens einem ho- 
mogenen syndiospezifischen Metallocenkatalysator und mindestens einem heterogenen konventionellen unter- 
stutzten Ziegler-Natta Katalysator zum Herstellen von isotaktischem Polyolefin, wobei der Metallocenkatalysator 
umfaftt: 

a) eine neutrale Metallocenverbindung der allgemeinen Formel 

R"(C 5 H 4 ){C 4 H 4 . m R m C 5 C 4 H 4 . n R' n )MeQ p 

wobei (C 5 H 4 ) ein Cyclopentadienylring ist, und (C 4 H 4 . m R' m C 5 C 4 H 4 _ n R' n ) ist ein Fluorenylring oder ein substi- 
tuierter Fluorenylring, wobei (C 5 H 4 ) und (C 4 H 4 . m R' m C 5 C 4 H 4 . n R , n ) bilaterale oder pseudobilaterale Symmetrie 
aufweisen; R' ist ein Hydrocarbylrest mit 1-20 Kohlenstoffatomen, ein Halogen-, ein Alkoxy-, ein Alkoxyalkyl- 
oder ein Alkylaminorest, jedes R' kann gleich oder unterschiedlich sein; R" ist eine Strukturbrucke zwischen 
den (C 5 H 4 ) und (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) Ringen zum Verleihen von Stereorigiditat; Q ist ein Kohlenwasser- 
stoffrest oder ist ein Halogen; Me ist ein Gruppen 1MB, IVB, VB oder VIB Metall, wie in dem Periodensystem 
der Elemente angeordnet; 0 < m < 4; 0 < n < 4; und p ist die Wertigkeit von Me minus 2. 

b) ein Aluminoxan, 

wobei der konventionelle unterstutzte Ziegler-Natta-Katalysator umfaftt: 

a) eine Ubergangsmetalrverbindung der allgemeinen Forme! MR + X , wobei M ein Gruppen 1MB, IVB, VB oder 
VIB Metall ist, R* ein Halogen oder ein Hydrocarboxyl ist, und x die Wertigkeit des Metalls ist, und 

b) ein Aluminiumalkyl der allgemeinen Formel AIR* 3 , wobei R # ein Alkyl mit 1-8 Kohlenstoffatomen ist, und 
R* kann gleich oder unterschiedlich sein. 

2. Katalysatorsystem nach Anspruch 1 , wobei b 1 ist, R" ist ein Hydrocarbylrest ausgewahlt aus der Gruppe beste- 
hend aus einem Alkylenrest mit ein bis vier Kohlenstoffatomen, einem Dialkylgermanium, einem Dialkylsilicium, 
einem Alkylphospin und einem Aminrest, M ist ein Gruppen IVB Metall, R' ist ein Halogen oder Alkyl. 

3. Katalysatorsystem nach Anspruch 1, wobei R" ein I sop ropy I en rest ist. 

4. Katalysatorsystem nach Anspruch 1 , wobei das Aluminoxan Methylalumoxan ist. 

5. Katalysatorsystem nach Anspruch 1 , wobei M eine G ruppe IVB ist, R + ist Chlor, Brom, ein Alkoxy oder ein Phenoxy. 

6. Katalysatorsystem nach Anspruch 1 , wobei M Titan ist, und R ist Chlor oder Ethoxy. 

7. Katalysatorsystem nach Anspruch 1 , wobei die Ubergangsmetalrverbindung ausgewahlt ist aus der Gruppe be- 
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stehend aus TiCI 4 , TiBr 4 , Ti(OC 2 H 5 ) 3 CI, Ti(OC 2 H 5 )CI 3 . Ti(OC 4 H 9 ) 3 CI, Ti(OC 3 H 7 ) 2 CI 2l Ti(OC 6 H 13 ) 2 CI 2 , 
Ti(OC 2 H 5 ) 2 Br 2 und Ti(OC 12 H 25 )CI 3 . 

8. Katalysatorsysiem nach Anspruch 1, wobei das Aluminiumalkyl ausgewahlt ist aus der Gruppe bestehend aus 
Trimethylaluminium, Triethylalu mini urn und Triisobutylaluminium. 

9. Katalysatorsystem nach Anspruch 1, ferner umfassend eine Elektronendonororganosiliciumverbindung. 

10. Katalysatorsystem nach Anspruch 9, wobei der Elektronendonor ausgewahlt ist aus der Gruppe bestehend aus 
Cyclohexylmethyldimethoxysilan, Diphenyldimethoxysilan und Isobutyltrimethoxysilan. 

11. Verfahren zum Herstellen eines Katalysatorsystems, umtassend 

a) Herstellen eines homogenen syndiospezifischen Metaliocenkatalysators durch Mischen 

1) einer neutralen Metallocenverbindung der allgemeinen Formel 

R'(C 5 H 4 ) (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) MeQ p 

wobei (C 5 H 4 ) ein Cyclopentadienylring ist, und (C 4 H 4 _ m R' m C 5 C 4 H 4 . n R' n ) ist ein Fluorenylring oder ein 
substituierter Fluorenylring, wobei (C 5 H 4 ) und (C 4 H 4 _ m R' m C 5 C 4 H 4 _ n R n ) bilaterale oder pseudobilaterale 
Symmetrieaufweisen; R' ist ein Hydrocarbylrest mit 1 bis 20 Kohlenstoffatomen, ein Halogen-, ein Alkoxy-, 
ein Alkoxyalkyl- oder ein Alkylaminorest, jedes R' kann gleich oder unterschiedlich sein; R" ist eine Struk- 
turbrucke zwischen den (C 5 H 4 ) und (C^H^R^CgC^H^R'n) Ringen zum Verleihen von Stereorigiditat; 
Q ist ein Kohlenwasserstoffrest oder ist ein Halogen; Me ist ein Gruppen IIIB, IVB, VB oder VIB Metall, 
wie in dem Periodensystem der Elemente angeordnet; 1<m<4;0<n<4; und p ist die Wertigkeit von 
Me minus 2. 

2) eines Aluminoxans, 

b) Extrahieren von Losungsmitel unter Bilden eines Feststoffkomplexes des Metallocens und des Alu- 
minoxans, 

c) Suspendieren des Feststoffes in Mineralol, 

d) Herstellen eines heterogenen konventionellen unterstutzten Ziegler-Natta Katalysators durch getrenntes 
Mischen: 

1 ) einer konventionellen unterstutzten Ziegler-Natta Katalysatorkomponente, umfassend eine Ubergangs- 
metallverbindung der allgemeinen Formel MR + X , wobei M ein Gruppen IIIB, IVB. VB oder VIB Metall ist, 
R + ist ein Halogen oder ein Hydrocarboxyl, und x ist die Wertigkeit des Metalls, und 

2) eines Aluminiumalkyls der allgemeinen Formel AIR* 3 , wobei R # ein Alkyl mit 1 bis 8 Kohlenstoffatomen 
ist, und R # ist ein Alkyl mit 1 bis 8 Kohlenstoffatomen, und R* kann gleich oder unterschiedlich sein, 

e) Mischen des Metaliocenkatalysators in Mineralol und des konventionellen unterstutzten Ziegler-Natta-Ka- 
talysators. 

12. Verfahren zum Herstellen einer Polymermischung in einem einzelnen Reaktor, umfassend: 
a) Herstellen eines homogenen syndiospezifischen Metaliocenkatalysators durch 
1) Auswahlen einer neutralen Metal locenverbindng der allgemeinen Formel 

R"(C 5 H 4 )(C 4 H 4 . m R m C 5 C 4 H 4 . n R' n )MeQ p 

wobei (C 5 H 4 ) ein Cyclopentadienylring ist, und (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) ist ein Fluorenylring oder ein 
substituierter Fluorenylring, wobei (C 5 H 4 ) und (^H^R^CgC^H^RJ bilaterale oder pseudo-bilaterale 
Symmetrie haben; R' ist ein Hydrocarbylrest mit 1-20 Kohlenstoffatomen, ein Halogen-, ein Alkoxy-, ein 
Alkoxyalkyl- oder ein Alkylaminorest, jedes R' kann gleich oder unterschiedlich sein; R" ist eine Struktur- 
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brucke zwischen den (C 5 H 4 ) und (C 4 H 4 . m R , m C 5 C 4 H 4 . n R , n ) Ringen zum Verleihen von Stereorigiditat; Q 
ist ein Kohlenwasserstoffrest oder ist ein Halogen; Me ist ein Gruppen IIIB, IVB, VB Oder VIB Metall, wie 
in dem Periodensystem der Elemente angeordnet; 1 <, m < 4; 0 < n < 4; und p ist die Wertigkeit von Me 
minus 2, 

2) Hinzufugen eines Aluminoxans unter Bilden eines syndiospezifischen Metallocenkatalysators, 

3) Extrahieren von Losungsmittel unter Bilden eines Feststoffkomplexes des Metallocens und des Alu- 
minoxans, 

4) Suspendieren des Feststoffes in Mineralol, 

b) Herstellen eines heterogenen konventionellen unterstutzten Ziegler-Natta Katalysators durch 

1) Auswahlen einer Ubergangsmetallverbindung der allgemeinen Formel MR + X , wobei M ein Gruppen 
IIIB, IVB, VB Oder VIB Metall ist, R* ist ein Halogen oder ein Hydrocarboxyl, und x ist die Wertigkeit des 
Metalls und 

2) Hinzufugen eines Aluminiumalkyls der allgemeinen Formel AIR # 3 , wobei R # ein Alky! mit 1-8 Kohlen- 
stoffatomen ist, und R* kann gleich oder unterschiedlich sein, wobei ein konventioneller unterstutzter 
Ziegler-Natta-Katalysator gebildet wird, 

c) Mischen des Metallocenkatalysators in Mineralol und des konventionellen unterstutzten Ziegler-Natta-Ka- 
talysators, 

d) Einf uhren der Mischung des Metallocenkatalysators in Mineralol und des konventionellen unterstutzen Zieg- 
ler-Natta-Katalysators in eine Polymerisationsreaktionszone, enthaitend ein Monomer, unter Polymerisations- 
bedingungen, und 

e) Abziehen eines Polymerprodukts, welches eine Mischung aus syndiotaktischen und isotaktischen Polyole- 
finen ist. 



Revendications 

1 . Systeme de catalyseurs pour la polymerisation d'olefines, comprenant une combinaison d'au moins un catalyseur 
homogene syndiospecifique a base de metallocene et d'au moins un catalyseur heterogene conventionnel de type 
Ziegler-Natta depose sur un support pour obtenir une polyolefine isotactique, 
dans lequel le catalyseur a base de metallocene comprend: 

a) un compose de metallocene neutre repondant a la tormule generale 

R B (C 5 H 4 )(C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n )MeQ p 

dans laquelle le groupe (C 5 H 4 ) represente un noyau cyclopentadienyle et le groupe (C4H 4 . m R' m C 5 C 4 H 4 . n R' n ) 
represente un noyau fluorenyle ou un noyau fluorenyle substitue, dans laquelle le groupe (C 5 H 4 ) et le groupe 
(C4H 4 - m R m c 5 C 4 H 4-nR'n) possedent une symetrie bilaterale ou pseudobilaterale; R' represente un radical hy- 
drocarbyle contenant de 1 a 20 atomes de carbone, un atome d'halogene, un radical alcoxy, un radical al- 
coxyalkyle ou un radical alkylamino, chaque radical R* pouvant etre identique ou different; R" represente un 
pont de structure entre le noyau (C 5 H 4 ) et le noyau (C 4 H 4 . m R' m C 5 C 4 H 4 . n R , n ) pour conferer une stereorigidite; 
Q represente un radical d'hydrocarbure ou represente un atome d'halogene; Me represente un metal du groupe 
IIIB, du groupe IVB, du groupe VBou du groupe VIB tels qu'ils sont disposes dans le tableau periodique des 
elements; 0<m<4;0<n<4;etp represente la valence de Me moins 2, 

b) un aluminoxane; 

dans lequel le catalyseur conventionnel de type Ziegler-Natta depose sur un support comprend: 

a) un compose" de metal transitoire repondant a la formule generale MR + X ou M represente un metal du groupe 
IIIB, IVB, VBou VIB, R + represente un atome d'halogene ou un radical hydrocarbyle et x represente la valence 
du metal, et 

b) un alkylaluminium repondant a la formule generale AIR # 3 ou R # represente un radical alkyle contenant de 
1 a 8 atomes de carbone et R # peut representor un radical identique ou different. 
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2. Systeme de catalyseurs selon la revendication 1 , dans lequel b represente 1 . R" represente un radical hydrocarbyle 
choisi parmi le groupe constitue par un radical alkylene contenant de 1 a 4 atomes de carbone, par un radical de 
dialkylgermanium, par un radical de dialkylsilicium, par un radical d'alkylphosphine et par un radical d'amine, M 
represente un metal du groupe IVB. R* represente un atome d'halogene ou un groupe alkyle. 

3. Systeme de catalyseurs selon la revendication 1, dans lequel R" represente un radical isopropylene. 

4. Systeme de catalyseurs selon la revendication 1, dans lequel I'aluminoxane represente le methylalumoxane. 

5. Systeme de catalyseurs selon la revendication 1 , dans lequel M represente un metal du groupe IVB, R+ represente 
un atome de chlore, un atome de brome, un groupe alcoxy ou un groupe phenoxy. 

6. Systeme de catalyseurs selon la revendication 1 , dans lequel M represente le titane et R* represente un atome 
de chlore ou un groupe ethoxy. 

7. Systeme de catalyseurs selon la revendication 1 , dans lequel le compose de metal transitoire est choisi parmi le 
groupe constitue par TiCI 4 , TiBr 4 , Ti(OC 2 H 5 ) 3 CI, Ti{OC 2 H 5 )CI 3 , Ti(OC 4 H 9 ) 3 CI, Ti(OC 3 H 7 ) 2 CI 2 , Ti(OC 6 H 13 ) 2 CI 2 , 
Ti(OC 2 H 5 ) 2 Br 2 et Ti(OC 12 H 25 )CI 3 . 

8. Systeme de catalyseurs selon la revendication 1 , dans lequel le radical d'alkylaluminium est choisi parmi le groupe 
constitue par le trimethylaluminium, le triethylaluminium et le triisobutylaluminium. 

9. Systeme de catalyseurs selon la revendication 1 , comprenant en outre un compose d'organosilicium cedant des 
electrons. 

10. Systeme de catalyseurs selon la revendication 9, dans lequel le donneur d'electrons est choisi parmi le groupe 
constitue par le cyclohexylmethyldimethoxysilane, le diphenyldimethoxysilane et I'isobutyltrimethoxysilane. 

11. Precede de preparation d'un systeme de catalyseurs, comprenant le fait de: 

a) preparer un catalyseur homogene syndiospecifique a base de metallocene en melangeant 

1) un compose de metallocene neutre repondant a la formule generale 

R"(C 5 H 4 )(C 4 H 4 . ffl R' m C s C 4 H 4 . n R' n )MeQ p 

dans laquelle le groupe (C 5 H 4 ) represente un noyau cyclopentadienyle et le groupe 
(C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) represente un noyau fluorenyle ou un noyau fluor6nyle substitue, dans laquelle 
le groupe (C 5 H 4 ) et le groupe (C 4 H 4 . m R' m C 5 C 4 H 4 . n R' n ) poss6dent une symetrie bilaterale ou pseudobi- 
laterale; R' represente un radical hydrocarbyle contenant de 1 a 20 atomes de carbone, un atome d'haloge- 
ne, un radical alcoxy, un radical alcoxyalkyle ou un radical alkylamino, chaque radical R' pouvant etre 
identique ou different; R" represente un pont de structure entre le noyau (C 5 H 4 ) et le noyau 
(C 4 H 4 . m R , m C 5 C 4 H 4 . n R , n ) pour conferer une stereorigidite; Q represente un radical d'hydrocarbure ou re- 
presente un atome d'halogene; Me represente un metal du groupe IIIB, du groupe IVB, du groupe VB ou 
du groupe VI B tels qu'ils sont disposes dans le tableau periodique des elements; 1 < m < 4; 0 < n < 4; et 
p represente la valence de Me moins 2, 

2) un aluminoxane; 

b) extraire le solvant pour obtenir un complexe du metallocene et de I'aluminoxane sous forme solide; 

c) mettre le produit solide en suspension dans de I'huile minerale; 

d) preparer un catalyseur heterogene conventionnel de type Ziegler-Natta depose sur un support en melan- 
geant separement: 

1) un composant de catalyseur conventionnel de type Ziegler-Natta depose sur un support comprenant 
un compose de metal transitoire repondant a la formule generale MR + X ou M represente un metal du 
groupe IIIB, I VB, VB ou VIB, R + represente un atome d'halogene ou un radical hydrocarbyle et x represente 
la valence du metal, et 
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2) un alkylaluminium repondant a la formule generate AIR* 3 ou R* represente un radical alkyle contenant 
de 1 a 8 atomes de carbone et R* peut representer un radical identique ou different; 

e) melanger le catalyseur a base de metallocene dans de I'huile minerale et le catalyseur conventionnel de 
5 type Ziegler-Natta depose sur un support. 

12. Procede pour preparer un melange polymere dans un reacteur unique, comprenant le fait de: 

a) preparer un catalyseur homogene syndiospecifique a base de metallocene, en passant par les etapes 
10 consistant a 

1) selectionner un compose de metallocene neutre repondant & la formule generale 

ts R"(CsH 4 )(C 4 H 4 .„,R- m C s C 4 H 4 . n R- n )MeQ p 

dans laquelle le groupe (C 5 H 4 ) represente un noyau cyclopentadieYiyle et le groupe 
( c 4 H 4-mR'm c 5 c 4 H 4-n R 'n) represente un noyau fluorenyle ou un noyau fluorenyle substitue, dans laquelle 
le groupe (C 5 H 4 ) et le groupe (C 4 H 4 _ m R' m C 5 C 4 H 4 _ n R' n ) possedent une symetrie bilaterale ou pseudobi- 

20 laterale; R' represente un radical hydrocarbyle contenant de 1 & 20 atomes de carbone, un atome d'haloge- 

ne, un radical alcoxy, un radical alcoxyalkyle ou un radical alkylamino, chaque radical R' pouvant etre 
identique ou different; R" represente un pont de structure entre le noyau (C 5 H 4 ) et le noyau 
(C 4 H 4 _ m R' m C 5 C 4 H 4 _ n R' n ) pour conferer une stereorigidite; Q represente un radical d'hydrocarbure ou re- 
presente un atome d'halogene; Me represente un metal du groupe IIIB, du groupe I VB, du groupe VB ou 

25 du groupe VI B tels qu'ils sont disposes dans le tableau periodique des elements; 1 < m < 4; 0 < n < 4; et 

p represente la valence de Me moins 2, 

2) ajouter un aluminoxane pour obtenir un catalyseur syndiospecifique & base de metallocene, 

3) extraire le solvant pour obtenir un complexe du metallocene et de I'aluminoxane sous forme solide, 

4) mettre le produit solide en suspension dans de I'huile minerale; 

30 

b) preparer un catalyseur heterogene conventionnel de type Ziegler-Natta depose sur un support, en passant 
par les Stapes consistant a 

1) selectionner un compose de metal transitoire repondant a la formule generale MR+ X ou M represente 
35 un metal du groupe 1MB, IVB, VB ou VIB, R + represente un atome d'halogene ou un radical hydrocarbyle 

et x represente la valence du metal, et 

2) ajouter un alkylaluminium repondant a la formule generale AIR* 3 ou R # represente un radical alkyle 
contenant de 1 a 8 atomes de carbone et R* peut representer un radical identique ou different, pour former 
un catalyseur conventionnel de type Ziegler-Natta depose sur un support; 

40 

c) melanger le catalyseur a base de metallocene dans de I'huile minerale et le catalyseur conventionnel de 
type Ziegler-Natta depose sur un support; 

d) introduire le melange du catalyseur a base de metallocene dans de Thuile minerale et le catalyseur con- 
ventionnel de type Ziegler-Natta depose sur un support dans une zone reactionnelle de polymerisation con- 

45 tenant un monomere, dans des conditions de polymerisation; et 

e) retirer un produit polymere qui represente un melange homogene de polyolefines syndiotactiques et iso- 
tactiques. 



50 
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